Identifying valid indicators to assess animals' emotional states is a critical objective of animal 13 welfare science. In horses, eye wrinkles caused by the contraction of the inner eyebrow raiser 14 have been shown to be affected by pain and other emotional states. Whether individual 15 characteristics of a horse systematically affect eye wrinkle expression has not yet been studied. 16
Introduction

33
Assessing emotional states in animals is a critical goal in animal welfare science, but it is 34 generally agreed that the subjective experience of an emotion cannot be assessed directly (but 35 see Wemelsfelder, 1997 for a different point of view). However, emotional states are 36 multifaceted, including not only the subjective experiences but also behavioural, physiological 37 and cognitive components, which can be assessed objectively and could therefore serve as 38 indicators to infer animals' subjective experiences (e.g. Paul et al., 2005) . Ideally, such 39 indicators can be assessed non-invasively as well as reliably across various contexts, and do 40 not require the animals to be trained. Spontaneous behaviour and behavioural expressions, 41
including facial expressions, are promising examples of indicators to assess animals' emotional 42 states. 43
Facial expressions in animals have mainly been studied using Facial Action Coding Systems 44 (FACSs) and Grimace Scales (GSs). In FACSs, all possible facial muscle movements and 45 resulting expressions are systematically catalogued as Action Units or Action Descriptors 46 (Ekman and Friesen, 1976) . Originally developed for humans, FACSs have now been adapted to different animal species, including primates (orang-utans: Caeiro et al., 2013; macaques: 48 either exercised (riding, carriage driving), turned out on paddock or pasture, longed, or walked 133 in a horse walker daily. 134 147 After pictures from both eyes were taken, the body condition of each horse was assessed by 148 visual and tactile evaluation using the scale developed by Henneke et al. (1983) . With this 149 scale, the presence or absence of adipose tissue and the visibility of bone structures is assessed 150 on a nine-point scale (1 -9, half points can be given). One person assessed the body condition 151 of horses on all farms except for Farm 7, where the assessment was done by another person 152 with the same scale. Sixteen horses on Farm 7 were not assessed. The BCS ranged from 2.5 153 to 8 (M = 5.3, SD = 0.9). 154
Data collection
Body Condition Score (BCS)
Picture processing 155
All pictures were screened and blurry pictures and pictures on which the eye area was not fully 156 visible were excluded from further assessment. Pictures were defined as blurry if wrinkles were 157 not clearly detectable or the beginning and/or end of wrinkles was not visible (Hintze et al., 158 2016 
Eye wrinkle assessment scale 166
In the present study, we used an adapted version of the eye wrinkle assessment scale developed 167 by Hintze et al. (2016) resulting in five outcome measures: 'qualitative assessment', 'eyebrow 168 raised', 'number', 'markedness' and 'angle' (for definitions and scoring details see Fig. 1 ). 169 'Number' (C), 'markedness' (D) and 'angle' (E) were defined as previously suggested by 170
Hintze and colleagues (for a direct comparison of the two scales see Table 1 ). For the outcome 171 measure 'qualitative assessment' (A), we adapted the definition by Hintze et al. (2016) : The 172 original definition focused on three particular aspects of the eye wrinkle expression, namely 173 "the number […], markedness, and the angle" (Hintze et al., 2016, p. 6), whereas in the present 174 study we aimed to better capture the overall first subjective impression with respect to how 175 'worried' the horse actually looks ('not worried' to 'extremely worried') without focusing on 176 other aspects at this stage. Moreover, instead of using an ordinal scale with three distinct 10 more sensitive measures (Tuyttens et al., 2009) . VAS are an instrument to measure variables 179 that range across a continuum of values (Wewers and Lowe, 1990) . It is presented as a 180 horizontal line with the end anchors labelled as the boundaries of this variable (e.g. 'not 181 worried' to 'extremely worries'). For each variable (e.g. 'worriedness') a vertical mark through 182 the line is placed at a position, which is deemed appropriate by the observer (Wewers and 183 Lowe, 1990) . We used the freely available programme AVAS (Adaptive Visual Analog 184 
Scoring
211
All 958 pictures were scored in random order. We first scored the outcome measure 'qualitative 212 assessment' (assessed on a VAS) on all pictures to capture the first subjective impression of 213 the eye wrinkles without being biased by the other measures. We then continued with assessing 214 'eyebrow raised' (also assessed on a VAS), followed by 'number', 'markedness' and 'angle' 215
(measured with CorelDraw, Corel Cooperation, 2014). 216
Intra-and inter-observer agreement 217
To assess both intra-and inter-observer agreement, a sample of all pictures was re-scored by 218 the same rater (to assess intra-observer agreement) and by a second rater (to assess inter-219 observer agreement). To assess intra-observer agreement, ten out of each subset of 50 pictures 220 (in total n = 192 pictures) were randomly selected and scored a second time, at the earliest the 221 day after the first scoring. To assess inter-observer agreement, a sample of 10 % of all pictures 222 (n = 96 pictures) was scored by rater B after rater A had finished scoring. 223
Coat colour 224
The horses' 'coat colour' was assessed by inspecting the area above the eye relevant for the 225 eye wrinkle assessment on each picture. One of the following colours was assigned to each 226 picture: black/dark bay, medium bay, light bay, grey/white or undefinable (e.g. more than one 227 colour present in the relevant area). Both raters assessed all pictures together. 228 between the different explanatory variables ('age', 'sex', 'Body Condition Score', 'breed type', 253 'coat colour'), each combination of them was tested for independence. When testing two 254 categorical variables (e.g. 'sex' and 'breed type'), a Crammer's V test (square root of the 255 fraction of Chi-square and the normalising factor) was performed, with V ranging between 256 0 and 1 (the closer to 0, the weaker the association; Cramér, 2016 were statistically significant at all levels (p ≤ 0.05), only one variable was chosen for further 266 analyses. This was the case for the association between 'BCS' and 'breed type', as the mean 267 Explanatory variables selected as potentially relevant by the stepwise backwards selection 309 procedure were included as fixed effects in the respective models, while random effects were 310 included in all models as 'eye' nested in 'horse' nested in 'farm' (see Table 2 for an overview 311 of all effects). To verify model assumptions, the residuals for each executed model were 312 visually checked for normal distribution and homogeneity of variance. No transformation of 313 the data was necessary. Post-hoc tests were performed with the function lsmeans (package: 314 lsmeans, v. Lenth, 2016) using the 'tukey method' to correct for multiple testing. 315 
Ethical considerations
Assessment of the outcome measures 360
All explanatory variables selected for inclusion in the respective final models are presented in 361 Table 3 . None of the selected variables had an effect on any of the outcome measures with one 362 exception: 'Breed type' had a statistically significant effect on the 'angle' (F2,114 = 8.25, 363 p < 0.001; Fig. 2 ). Post-hoc tests revealed that thoroughbreds (M = 23.82, SD = 1.59) had a 364 narrower 'angle' than warmbloods (M = 28.00, SD = 0.60; p = 0.040) and coldbloods 365 (M = 30.98, SD = 0.92; p < 0.001), and that warmbloods had a narrower 'angle' than 366 coldbloods (p = 0.022). Graphs for all outcome measures ('qualitative assessment', 'number', 367 'angle') grouped by explanatory variables ('age', 'sex', 'breed type', 'coat colour') can be 368 found in Fig. 2 . 369 
Side effects
381
No statistically significant effect of 'eye' on any of the three outcome measures was found 382 ('qualitative assessment': F1,179 = 3.06, p = 0.082; 'number': F1,353 = 0.41, p = 0.380; 'angle': 383 
Discussion
389
In the present study we investigated whether 'age', 'sex', 'breed type', 'Body Condition Score' 390 and 'coat colour' systematically affect eye wrinkle expression or its assessment on pictures 391 taken from the left and the right area of horses in a presumably neutral situation. Eye wrinkle 392 expression was assessed using five outcome measures, all of which could be assessed highly 393 reliable with respect to both intra-and inter-observer agreement. Some outcome measures were 394 associated, therefore only 'qualitative assessment', 'number' and 'angle' were further 395 analysed. Similarly, 'BCS' was strongly associated with the two explanatory variables 'sex' 396 and 'breed type' and was thus not analysed further. 'Breed type' influenced the width of the 397 'angle': Thoroughbreds had a narrower 'angle' than warmbloods and coldbloods, and 398 warmbloods had a narrower 'angle' than coldbloods. The three other explanatory variables 399 ('age', 'sex', and 'coat colour') did not affect any of the outcome measures, and eye wrinkle 400 expression did not differ between the left and right eye. 401 402 We found substantial variability within each outcome measure, similar to what Hintze and 403 colleagues (2016) described for their presumably neutral control phases before the start of the 404 experimental treatments. This variability may be explained by individual characteristics of 405 horses independent of our tested characteristics, which did not account for the variation we 406 found (with the exception of 'breed type' accounting for differences in the 'angle'). However, 407 other explanations need to be considered as well. First, individual horses may have reacted 408 differently to the halter, the human handling and/or the photographing, even though we did not 409 see indications in the horses' behaviour supporting this assumption (in contrast to the differing 410 reactions of the horses to the photographers and the equipment described in Hintze et al., 2016) . 411
Characteristics of the investigated sample
Second, variation in eye wrinkle expression across horses could be caused by differences in 412 underlying mood states, but this explanation is speculative since we did not assess mood in the 413 present study. 414
Certain confounding effects (e.g. between 'breed type' and 'farm', see below) could not be 415 ruled out since our sample was not fully balanced across all explanatory variables. However, 416
we counteracted this limitation as much as possible under non-experimental conditions by 417 ensuring a relatively large sample for the different categories of 'sex' (70 mares, 62 geldings, 418 and 49 stallions), 'breed type' (52 coldbloods, 104 warmbloods, and 17 thoroughbreds) and 419 'age' (including young to very old horses). present study. Whereas inter-observer agreement for 'eyelid shape' was only moderate in the was 'excellent' (ICC > 0,75). 'Eyebrow raised' was assessed as a continuous measure on a 438
Visual Analogue Scale and not on an ordinal scale with three distinct categories, which had 439 previously been used for 'eyelid shape'. Besides potentially being more sensitive, VAS have 440
shown to improve inter-observer agreement and to be preferred by raters compared to a 3-point 441 ordinal scale (Tuyttens et al., 2009 ). We cannot disentangle whether our improved inter-442 observer agreement was due to the adapted measure per se or the changed scoring method, but 443 both raters preferred the VAS to the ordinal scales when using it for 'eyebrow raised' and 444 'qualitative assessment', a preference that is in line with what Tuyttens and colleagues report 445 (2009). 446 what has been reported by Giles et al. (2014) , who found that breed was the risk factor most 451 strongly associated with obesity in horses. In line with this, Visser et al. (2014) found that 452 coldbloods were more prone to develop a higher body condition score compared to 453 thoroughbreds, which was also the case in our study. However, the association between 'BCS' 454 and 'breed type' in our study could also be explained by confounds in our sample since most 455 coldbloods were from Farm 7 and the management practices on a farm, especially the feeding 456 regime, including the amount of feed and its nutritional value, can influence the body condition 457 of horses. This confound may also explain the strong association between 'sex' and 'breed
Relationship between 'Body Condition Score' and the two
Interpretation of the results of the outcome measures
460 'Breed type' systemically affected the 'angle' between the extensions of a line through the 461 eyeball and a line through the topmost wrinkle. 'Angle' is a measure of muscle contraction of 462 the inner eyebrow raiser with a wider angle reflecting a stronger contraction and a narrower 463 angle reflecting a comparably more relaxed muscle. In our study, thoroughbreds had the 464 narrowest 'angle', followed by warmbloods and coldbloods. This result may simply reflect 465 differences in the degree of contraction of the underlying muscle between 'breed types' but 466 other explanations need to be discussed as well. Confounders might have affected our result 467 with most coldbloods being derived from Farm 7. However, thoroughbreds came from six and 468 warmbloods from all seven farms, which is why the confounding of 'breed type' and 'farm' 469 cannot fully explain the variation in 'angles'. Another confound that needs to be considered is 470 the one between 'breed type' and the different housing conditions of the horses. Whereas most 471 thoroughbreds were kept either in groups, paddock boxes or boxes with daytime turnout, most 472 of the coldbloods were housed in standard single horse boxes. Housing conditions might have 473 affected mood and thus eye wrinkle expression with group-housed horses and horses with more 474 space as well as physical contact to conspecifics having a more relaxed inner eyebrow raiser 475 than horses kept in single boxes. However, our study was neither designed to study the effect 476 of housing conditions on eye wrinkle expression, nor was mood investigated. Thus, these 477 explanations remain speculative and further research is needed to study the relationship 478 between housing conditions, long-lasting mood states and eye wrinkle expression. 479
Beside the systematic effect of 'breed type' on 'angle', there was no further effect of any of the 480 explanatory variables on our outcome measures. This finding indicates that eye wrinkle 481 expression can be assessed regardless of 'age', 'sex' and 'coat colour', while 'breed type' 482 should be considered in future studies. Our study does not give further insight into the wrinkle expression in horses cannot simply be explained by horses' characteristics such as 485 'age', 'sex', 'coat colour' or 'breed type' (with the exception of the 'angle' for the latter). 486
Side effects
487
In our study no difference in eye wrinkle expression between the left and right eye area was 488 found in a neutral situation, neither did Hintze and colleagues find a difference in positively 489 and negatively valenced situations. We surmise that eye wrinkle expression in horses is not 490 affected by emotionally induced or morphological asymmetry in the face, determined by, for 491 example, facial soft tissue (Sackheim, 1985) . The results from both studies suggest that it is 492 irrelevant which eye area is assessed; this could be advantageous if eye wrinkle expression is 493 used in the future as an on-farm indicator of horses' emotional states. 494
Conclusion
495
To our knowledge, this was the first study systematically investigating the effect of individual 496 characteristics on eye wrinkle expression and its assessment in horses. We conclude that our 497 eye wrinkle assessment scale can be used reliably and regardless of horses' age, sex, coat colour 498 and breed type (here with the exception of the 'angle'). Thus, the adapted scale is a promising 499 tool to assess eye wrinkles in horses, but to what extent these are systematically affected by 500 mood or emotion needs further investigation and validation.
